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SPARC 
Performs 
Automated 
Reasoning in 
Chemistry

SSPARC PARC 
PPerforms erforms 
AAutomated utomated 
RReasoning in easoning in 
CChemistryhemistry

Computer program to estimate physical properties and 
chemical reactivity parameters of organic compounds 

strictly from molecular structure

SPARCSPARCSPARC



Two Modeling ApproachesTwo Modeling Approaches
Reaction at a centerReaction at a center
Ionization Ionization pKapKa
Hydration ConstantHydration Constant
TautomericTautomeric EquilibriaEquilibria
Hydrolysis RateHydrolysis Rate

The first two model the The first two model the ΔΔG G 
difference of the products and difference of the products and 
reactantsreactants
The third is a sum of site The third is a sum of site 
reactionsreactions
The last is the The last is the ΔΔG G difference difference 
of the reactants and a of the reactants and a 
transition statetransition state

Whole moleculeWhole molecule
Vapor pressureVapor pressure
Boiling pointBoiling point
Volume / DensityVolume / Density
Electron AffinityElectron Affinity
PolarizabilityPolarizability / Ref. Ind./ Ref. Ind.
HenryHenry’’s constants constant
Activity CoefficientActivity Coefficient
Solubility Solubility 
Distribution CoefficientDistribution Coefficient



Reaction at a centerReaction at a center

Inherent reactivity of the stripped centerInherent reactivity of the stripped center
e.g. e.g. pKapKa of NHof NH33 for ionization for ionization pKapKa of aminesof amines
Resonance Resonance (PMO charge distribution)(PMO charge distribution)

Sigma induction Sigma induction (bond electronegativity difference)(bond electronegativity difference)

Field effects Field effects (both direct and indirect)(both direct and indirect)

Differential Differential solvationsolvation ((stericsteric access to charge site)access to charge site)

IntramolecularIntramolecular hydrogen bondinghydrogen bonding



Resonance EffectResonance Effect

qE cresres ΔΔ = ρδ )(

NH2 NH2

NO2
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NH2

NO2

NH3

9.8 4.2

Resonance involves the delocalization of π electrons into or out of  C

C replaced by a surrogate electron donor describing delocalization 
of NBMO electrons into or out of Ci by the Rπ network



Field Effect ModelField Effect Model

Charges or electric dipoles in S interacting  with charges or dipoles in C
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MesomericMesomeric Field EffectField Effect

S induced electrical fields in Rπ which interact with the charges in C

N

NH2

A collection of discrete charges, qR, with the contribution  of 
each described by the Field mutipole expansion
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Electrostatic

Resonance4.1                                          

9.8                                  Unperturbed

NH2

OH

NH2

NH3

H-Bonding

+3.3

+ Steric and Solvation   3.9              

NH2

CH3NH2 10.5 Sigma Induction

NH2
OH 4.5

Perturber Effects on pKPerturber Effects on pKaa
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SPARC pKa PerformanceSPARC pKa PerformanceSPARC pKa Performance
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CalculatedCalculatedCalculated

RMS = 0.37
R^2 = 0.988
RMS = 0.37
R^2 = 0.9880.988

4000 Pka Calculations (over 3600 cmpds)4000 Pka Calculations (over 3600 cmpds)



Molecular 
Volume

Molecular
Polarizability

Bond
Dipoles

α, β Hydrogen
Bonding Parameters

Taft-Abrahams Scale
with included steric

SPARC electrostatic,
resonance, and induction

models for pKa with
dipole vs monopole

Monofunctional
Spectroscopic

Dipoles

Refractive
Index

Liquid
Density

Steric Models
Cluster Models

Development of Molecular Descriptors
That Are Tied to Molecular Observables
Development of Molecular Descriptors

That Are Tied to Molecular Observables

Modeling Approach for Whole Molecule 
Physical Properties

Modeling Approach for Whole Molecule 
Physical Properties



Molecular 
Volume

Hydrogen 
Bonding

Dipole -
DipoleInductionDispersion

Molecular
Polarizability

Bond
Dipoles

α, β Hydrogen
Bonding Parameters

Taft-Abrahams Scale
with included steric

Steric Models Steric Models

Development of Interaction Models
From Molecular Descriptors

Development of Interaction Models
From Molecular Descriptors



Hydrogen 
Bonding

Dipole -
DipoleInductionDispersion

Models for 
Solute-Solute

Solute-Solvent
Solvent-Solvent

Vapor Pressure Activity Coefficient

Development of Basic Properties
From Interaction Models

Development of Basic Properties
From Interaction Models



Vapor PressureActivity CoefficientpKa

Temperature
Dependence

Boiling
Point

Hard
Sphere

Diffusion
Coefficient

Henry’s
Constant

Electrostatic
Resonance

Models

Electron
Affinity

Redox

Recursive
Application

Solubility

Distribution
Coefficient

GC

LC

Development of General Physical Properties
From the Basic Properties

Development of General Physical Properties
From the Basic Properties



2525--6 6 solvsolv0.430.43698698unitlessunitlessDistribution Distribution CoeffCoeff

waterwater
hexadecanehexadecane

0.410.41
0.150.15

811811
360360

unitlessunitlessHenryHenry’’s Const.s Const.

2525--21 21 solvsolv0.490.49707707log MFlog MFSolubilitySolubility

2525--163 163 solvsolv0.270.2726452645RaoltRaoltActivity Activity CoeffCoeff..

25250.0030.003108108cmcm22/sec/secDiffusion Diffusion CoeffCoeff..

25, BP25, BP0.300.3012631263Kcal/mKcal/mHeat of Heat of VapVap..

0.10.1--1520 T1520 T5.75.740004000CCBoiling PointBoiling Point

25250.150.15747747Log Log atmatmVapor PressureVapor Pressure

2525--BPBP1.961.9614401440cmcm33/m/mVolumeVolume

25250.0070.007578578nanaRefractive IndexRefractive Index

Temp/Temp/SolvSolvRMSRMS# # MolecMolecUnitsUnitsPropertyProperty



25 gas/25 gas/liqliq1.21.2793793KcalKcalHeat of formationHeat of formation

2525--21 21 solvsolv0.180.18352352e.ve.v..EE1/21/2 reductionreduction

25 6S25 6S0.40.42727Log KLog KHydration constHydration const

25 W25 W0.30.33636Log KLog KTautomericTautomeric ConstConst

2525--130 6S130 6S
2525--180 W 180 W 

0.370.37
0.460.46

14701470
397397

Log rateLog rateCarboxylic esterCarboxylic ester
Phosphate esterPhosphate ester

Gas 25Gas 250.150.15260260e.ve.v..Electron AffinityElectron Affinity

2525
2525 9S9S
2525--100100

3.63.6
1.31.3
0.460.46

400400
455455
46774677

KcalKcal
KcalKcal
pKapKa

Gas Gas pKapKa
Non Non AqAq pKapKa
water water pKapKa

25 2S25 2S0.010.01125125RelativeRelativeLC RetentionLC Retention

2525--190 3S190 3S10.310.3295295KovatsKovatsGC RetentionGC Retention

Temp/Temp/SolvSolvRMSRMS# # MolecMolecUnitsUnitsPropertyProperty



Development of General Reaction Constants
From Ionization pKa and Basic Properties

Development of General Reaction Constants
From Ionization pKa and Basic Properties

Hydration
Constant

Acid/Base/Gen
Hydrolysis

Ionization pKa in water

Electrostatic and
Resonance Models

Tautomeric
Equilibria Speciation

Distribution
Coeff

Gas pKa

Reduction
Potential

Electron
Affinity

Non-Aq
pKa
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Gas Phase pKaGas Phase pKa
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ObservedObserved

374 Molecules
Acid Centers OH, CO2H, N and SH
Base Centers N and in_ring N

374 Molecules
Acid Centers OH, CO2H, N and SH
Base Centers N and in_ring N

RMS = 2.6
R^2 = 0.999
In pKa units

RMS = 2.6
R^2 = 0.999
In pKa units
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pKa in DMSOpKa in DMSO
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ObservedObserved

102 Molecules

Acid Centers
OH, SH, CO2H, NR2

102 Molecules

Acid Centers
OH, SH, CO2H, NR2

RMS = 1.55
R^2   = 0.979
RMS = 1.55
R^2   = 0.979



Automate SpeciationAutomate SpeciationAutomate Speciation
Design the SPARC system to aid the user in 

asking the right question.
Complex Speciation in pKa
Tautomeric conversion 
Hydration Reaction
Hydrolysis Reaction

Automate SPARC so as to include the effects of several 
mechanisms when calculating speciation. An example 
where ionization, hydration and tautomeric equilibrium 
all play important roles will be presented.

Design the SPARC system to aid the user in Design the SPARC system to aid the user in 
asking the right questionasking the right question..

Complex Speciation in Complex Speciation in pKapKa
Tautomeric conversion Tautomeric conversion 
Hydration ReactionHydration Reaction
Hydrolysis ReactionHydrolysis Reaction

Automate SPARC so as to include the effects of several Automate SPARC so as to include the effects of several 
mechanisms when calculating speciation. An example mechanisms when calculating speciation. An example 
where ionization, hydration and where ionization, hydration and tautomerictautomeric equilibrium equilibrium 
all play important roles will be presented.all play important roles will be presented.



Speciation of Quinazoline

Hydrated products of Quinazoline

pKhyd = 4.24
(4.25)

Most stable

pKhyd = 6.28



Hydration / IonizationHydration / Ionization
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K = 4.3(4.2)

pKa =7.9(7.8)
app. pKa = 3.5

pKa = 1.8 (1.95)

-1.5



Macro pKa of Quinazoline

Macro Pka = 3.70Max Fraction = 0.99

Max Fraction = 0.01

Max Fraction = 1.00



ButanoicButanoic acid, 4,4,4acid, 4,4,4--trifluorotrifluoro--33--
oxooxo--, ethyl ester, ethyl ester

Observed at pH = 5Observed at pH = 5--6 6 

Ketone form = 7.77%Ketone form = 7.77%

Enol form = 34.97%Enol form = 34.97%

Hydrate = 57.26%Hydrate = 57.26%



Macro pKa

Macro Pka = 5.68

Max Fraction = 0.07

Max Fraction = 0.92

Max Fraction = 0.33

Max Fraction = 0.33

Max Fraction = 0.33



57%57%
7%7%

3x12   36%3x12   36%



http://http://sparc.chem.uga.edu/sparcsparc.chem.uga.edu/sparc//

http://sparc.chem.uga.edu/sparc


Calculating Calculating LogDLogD
Let an unionized co2h Let an unionized co2h 
be 0 and ionized be 1be 0 and ionized be 1

DW = 1 + P1 + P2 + P1●P12 where P1 = K1[H+]-1

each of the species 0,0, 0,1 etc. are coupled to the octanol phase.
This same distribution in the octanol phase can be represented as
DO = KOW(0,0) + KOW(1,0) P1 + KOW(0,1)P2 + KOW(1,1)P1●P12

and LogD = Log(DO/DW)

0,00,0

1,01,0

0,10,1

solvsolvsolvsolv 1,11,1

solvsolv

solvsolv

P1P1

P2P2 P21P21

P12P12

K(1,0)K(1,0)

K(0,1)K(0,1)

K(0,0)K(0,0) K(1,1)K(1,1)
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590 Ester Base Hydrolysis590 Ester Base Hydrolysis
RMSRMS 0.370.37
RR22 0.940.94
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31 aldehyde and ketones
RMS  0.34
R2 0.95

31 31 aldehydealdehyde and and ketonesketones
RMS  0.34RMS  0.34
RR22 0.950.95

Hydration and HydrolysisHydration and Hydrolysis


